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1
INTAKE SYSTEM OF ENGINES

BACKGROUND OF THE INVENTION

This invention relates to an intake system for engines,
and more particularly to an induction system that offers
significantly improved low and medium speed perfor-
mance for the engine

- The difficulties in achieving good charging efficien-
cies at low engme speeds and when the throttle valve of
the engine is partially or fully closed are well known.
Under such conditions the uneven intake stroke of the
engine causes intermittent flow through the induction
‘passage which gives rise to the poor charging efficiency
and low engine performance. Recently, it has been
proposed to offset this deficiency and improve breath-
ing capacity under these conditions by providing a
plenum chamber that communicates with the intake
passage downstream of the throttle valve. Several em-
bodiments of such constructions and a more thorough
description of the advantages and theory behind this
. system are disclosed in the copending application of
Nornitaka Matsuo, et al. entitled “Intake System for
Engine,” Ser. No. 163,201, filed June 25, 1980, and
assigned to the assignee of this application. With an
induction system embodying a plenum chamber of this
type, the fuel and air charge delivered to the plenum
chamber after the completion of one intake stroke may
not be completely discharged back into the induction
system during the next succeeding intake stroke under
all running conditions. As a result of the retention of a
portion of the fuel air charge in the plenum chamber
during succeeding intake cycles, there may be fuel con-
densation occur within the plenum chamber. The con-
densed fuel will eventually reenter the induction system
through the connecting passage, but the degree of such
reentry is variable and can, under some circumstances
result in mixture strength variations being delivered to
the engine chambers.

In order to preclude these mixture strength variation
problems while maintaining the advantages of the use of
such a plenum chamber, it has been proposed to orient
the plenum chamber and its connecting passage with
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It is yet a further object of this invention to provide
an engine induction system including a plenum chamber
device and an improved arrangement for ensuring

agalnst variations in mlxture strength during engine
running.

SUMMARY OF THE INVENTION

This invention is adapted to be embodied in an induc-
tion system for an internal combustion engine variable

10 volume chamber. An intake passage communicates with
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the chamber and a charge forming device delivers a
charge to the intake passage. A throttle valve controls
the flow through the intake passage to the chamber. A
plenum chamber is provided that is in communication
with the intake passage through conduit means. The
plenum chamber communicates with the intake passage
upstream of the variable volume chamber and down-
stream of the charge forming device and the throttle
valve. In accordance with the invention, a fuel return
conduit communicates the plenum chamber with the
intake passage for returning condensed fuel from the

- plenum chamber to the intake passage.
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the induction system in such a way that any condensed 45

fuel will be fed continuously to the induction system.
This can be done by providing the plenum chamber
with an inclined lower wall which terminates at the
conduit that communicates the plenum chamber with
the intake system. Embodiments of such an arrange-
ment are shown in the copending application of
Noritaka Matsuo, et al., entitled “Intake System for
Engines,” Ser. No. 238,641, filed Feb. 26, 1981. In many
instances it may be impossible, due to physical environ-
ment in which the engine and induction 1s employed, to
make use of such an arrangement where the fuel is
returned to the intake system from the plenum through
the same conduit that communicates the air and fuel
between the plenum chamber and the intake system.
This 1s particularly true in conjunction with motorcy-
cles wherein spacial limitations are at a premium.

It 1s, therefore, a principal object of this invention to
provide an improved intake system for internal combus-
tion englnes

It is another object of this invention to provide an
1mpr0ved intake system for engines for significantly
augmentmg low and medium speed charging efficien-
ci€s.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side elevational view of a portion of the
motorcycle incorporating this invention.

FIG. 215 a top plan view of the portions of the motor-
cycle shown in solid lines in FIG. 1.

FIG. 3 is an enlarged side elevational view showing
portions of the engine and induction system in section.

'DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the drawings, a motorcycle constructed in accor-
dance with this invention is identified generally by the
reference numeral 11. The motorcycle 11 is provided
with an engine, indicated generally by the reference
numeral 12, which in the illustrated embodiment is of
the single cylinder two cycle type. It is to be under-
stood, however, that the invention is susceptible of use
with engines having more than one chamber and also
with engines of other than the two cycle type. The
engine 12 is mounted in 2 known manner in a frame 13
of the motorcycle. The frame 13 includes a head tube 14
that journals the front strut, shown in phantom, for its
steering movement, a down tube 15, a main tube 16, and
a seat tube 17 that are connected together in a known
manner. A reinforcing tube 18 extends from the down
tube 135 to the main tube 16 and the engine 12 is posi-
tioned between these tubes. |

The engine 12 includes a cylinder block 19 in which

~a cylinder bore 21 is formed. A piston 22 reciprocates
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within the cylinder bore 21 and is connected by means
of a connecting rod 23 to a crankshaft 24 which i1s, in
turn, rotatably supported in the crankcase of the engine,
shown in phantom and identified by the reference.nu-
meral 23. |

An intake charge i1s delivered through an intake pas-
sage 26 formed in the cylinder block 19 during the
upward movement of the piston 22. When the piston 22
commences its downward movement, the intake charge
is compressed in the crankcase 23, as is well known with
this type of engine, for eventual transfer to the combus-
tion chamber of the engine through transfer or scavenge
ports 27. The charge 1s fired in the combustion chamber
by means of a spark plug 28 in a known manner for
discharge through an exhaust system shown partially in
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phantom in FIG. 1 and 1dentified by the reference nu-
meral 29 via a cylinder block exhaust passage 31.

Air for the induction system 1s supplied to a carbure-
tor, indicated generally by the reference numeral 32 via
an air cleaner (not shown). The carburetor 32 dis-
charges a fuel air charge to the cylinder block intake
passage 26 through an intake passage 33 of a spacer 34
which is interposed between the carburetor 32 and
cylinder block 19. A reed type check valve 38 is pro-
vided in the cylinder block intake passage 26 to prevent
backflow of intake gases during the initial portion of the
compression of the intake charge in the crankcase 235.
The speed of the engine 1s controlled by the throttle
valve 36 of the sliding piston type which is provided in
the carburetor 32. The throttle valve 36 is controlled in
a known manner by means of a cable 37 controlled by
the operator.

As forenoted, the alternate opening and closing of the
intake passage 26 communication with the crankcase 23,
particularly at low speeds and when the throttle valve
36 is partially closed gives rise to intermittent flow in
the intake system with resultant poor charging effi-
ciency at low engine speeds. To overcome these diffi-
culties and to ensure a more uniform flow through the
intake system, even at low engine speeds, a plenum
chamber 38 is provided which is in communication with
the intake system between the throttle valve 36 and the
crankcase 25 in a manner to be described. The plenum
- chamber 38 consists of a tank which may be formed
from molded plastic or the like and which has integral
forwardly and rearwardly extending tabs 39 and 41 that
are affixed to the frame tube 18, by means of fasteners 42
and 43.

The plenum chamber 38 defines an interior volume 44
and has a rearwardly extending nipple portion 435 that
communicates the volume 44 with a flexible conduit 46.

The other end of the conduit 46 is connected to a nipple
47 of the spacer 34 in communication with its intake
passage 35. The volume of the chamber 44 and length

and diameter of the interconnecting conduit 46 is such
so as to provide the desired intake effect. That is, when
the piston 22 is undergoing its upward movement to
increase the volume in the crankcase cavity 25, a partial
vacuum will be exerted which is transmitted through
the conduit 46 to the volume 44. This vacuum prevails
when piston 22 moves downwardly to close the port at
the end of the intake passage 26 so that the intake
charge will continue to flow past the carburetor 32 into
the plenum chamber 44. As has been aforenoted, this
arrangement significantly improves charging efficiency
particularly at low and medium engine speeds, particu-
larly when the throttle valve 36 is less than fully open.

The charge which has been drawn into the plenum
chamber volume 44 will be in part reintroduced to the
induction passage 33 during the next opening of the
intake passage 26 by the movement of the piston 22. A
portion of the fuel and air charge will, however, remain
in the volume 44 particularly at low engine speeds. The
remainder of a portion of the fuel air charge in the
plenum chamber volume 44 may have a tendancy to
cause fuel condensation. If this fuel which condenses 1s
permitted to reenter the induction system through the

conduit 46, there will be intermittent reintroduction of

this fuel. This intermittent reintroduction will give rise
to variations in mixture strength and result in uneven
and unsatisfactory engine performance.

In order to ensure a continuous reintroduction of

condensed fuel into the induction system and thus avoid
variations in mixture strength, a fuel return nipple 48 is
formed in the lower wall of the plenum chamber 38 at a
location spaced from the nipple 45. A relatively small
flexible fuel return conduit 49 interconnects the nipple
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48 with a fuel return nipple 51 formed in the spacer 34
adjacent to and downstream of the nipple 47. The con-
duit 49 and nipples 48 and 31 are relatively small in size
so that there will be no significant fuel air mixture flow
between the intake passage and the volume 44 through
these components. The size 1s, however, sufficient so as
to afford a continuous flow of any fuel which may con-
dense 1n the plenum chamber 38 back to the intake
passage 35 of the spacer 34 for reintroduction into the
intake system to avoid any variations in mixture
strength. |

It should be readily apparent from the foregoing
description that an arrangement is provided that ensures
good engine breathing even at low engine speeds and
with low throttle openings by providing a plenum
chamber in communication with the intake system be-
tween the throttle valve and engine chamber that pro-
motes a relatively continuous flow through the intake
system, even at low engine speeds. In addition, any fuel
which may condense in the plenum chamber is continu-
ously returned to the intake system through a separate
fuel conduit so as to insure against any variations in
mixture strength. Various changes and modifications
may be made without departing from the spirit and
scope of the invention, as defined by the appended
claims.

What 1s claimed 1s:

1. An induction system for an internal combustion
engine having a chamber that cyclically varies in vol-
ume, an intake passage communicating with said cham-
ber, a charge forming device for delivering a charge to
said intake passage, a throttle valve in said intake pas-
sage for controlling the flow therethrough, a plenum
chamber, and conduit means communicating said ple-
num chamber with a portion of said intake passage
upstream of said variable volume chamber and down-
stream of said charge forming device and said throttle
valve, the improvement comprising said plenum cham-
ber having a lower wall with a fuel return opening
formed therein at a point vertically above said intake
passage portion, said fuel return opening being spaced
from the opening of said conduit means into said ple-
num chamber, and a fuel return conduit extending gen-
erally vertically and communicating said fuel return
opening with said intake passage for returning con-
densed fuel from said plenum chamber to said intake
passage by gravity flow.

2. In an induction system as set forth in claim 1
wherein the fuel return condutt is sized so as to preclude
any substantial air flow between the plenum chamber
and the intake passage through said fuel return conduit.

3. In an induction system as set forth in claim 1
wherein the fuel return conduit communicates with the
intake passage upstream of the variable volume cham-
ber and downstream of both of the charge forming
device and the throttle valve.

4. In an induction system as set forth in claim 3
wherein the fuel return conduit is sized so as to preclude
any substantial air flow between the plenum chamber
and the intake passage through said fuel return conduit.

5. In an induction system as set forth in claims 1, 2, 3
or 4 wherein the throttle valve 1s a part of the charge
forming device and the charge forming device com-

prises a carburetor.

6. An induction system as set forth in claim S further
including check valve means interposed between the
intake passage and the chamber and downstream of the
portion of the intake passage for permitting flow from
the intake passage into the chamber and precluding

flow from the chamber back into the intake passage.
* * ¥ * ¥
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